Abstract-Objective: Photosystem I (PS I ) is a large membrane supercomplex that consists of a reaction centre and light-harvesting complex (LHC I ). PS I catalyzes lightdriven electron transport to produce reducing power NADPH, and then NADPH are used in the dark reactions of photosynthesis to fix CO2 and synthesize organic molecules. In this work, we will isolate gene of a reaction centre subunit Psak in Gardenia jasminoides. Methods: A Gardenia jasminoides fruit cDNA library was constructed, and the GjPsak cDNA was isolated from the cDNA library by sequencing method. Results: The cDNA was 593 bp in length, contains a predicted 393 bp ORF that encodes 130 amino acids, the gene was designated GjPsak. The deduced amino acid sequence showed homology to PsaK from plants. A three-dimensional model of GjPsaK was built; the structure is similar to structures of Plant PsaK. GjPsaK contains two transmembrane α-helices connected by a positively charged stromal loop; both the N and C termini are located in the luminal side of thylakoid membrane. Conclusion: According to functions of PsaK in plant, we implicated that the GjPsaK would involved in state transition and stabilization of LHC I organization.
INTRODUCTION
PS I is a multiprotein complex within the thylakoids, it uses light energy to transport electrons from the lumenal soluble electron carrier plastocyanin across the membrane to the stromal soluble electron acceptor ferredoxin. The reduced ferredoxin is subsequently used for NADPH production. Photosystems I have a core complex (reaction center) and an outer antenna moiety. The core complex, responsible for charge separation and the first steps of electron transport; and the peripheral antenna system LHC I (light-harvesting proteins antenna complex I ), which plays a role in light harvesting and the transfer of excitation energy to the reaction center. The core complex centers are widely conserved among organisms, and antenna systems are more variable.
The PS I in plants is composed of the core complex plus 4 Lhca's ( four subunits of LHC I ), the core complex of plant PSI is mostly composed of 12 subunits, PsaA-L;
The chlorophyll a and carotene are mainly associated with the two largest subunits PsaA and PsaB. Several improved crystallographic structural model of plant photosystem I was reported [1] [2] [3] [4] , these model was based on PS I -LHCl super-complex of Pea (Pisum sativum, garden pea) at 2.8 Ǻ-3.3 Ǻ resolution. In the 2.8 Ǻ resolution structural model, the positions of 12 core protein subunits (PsaA-L) bound with four light-harvesting proteins Lhca1-4, 156 chlorophylls, 32 carotenoids, 14 lipids, and 3 Fe4S4 clusters are identified, providing the most detailed picture of a plant PSI. PsaK is located near PsaA side of the core complex, contains two transmembrane α-helices.
PsaK is a peripheral chlorophyll binding subunit; the position within the complex is at the junction where LHC I is expected to bind. PsaK was shown to regulate the disconnection of the LHC I antenna from PS I in Chlamydomonas reinhardtii cells subjected to irondeficiency conditions [5] . Light harvesting complex II (LHC II ) involved the regulation of distribution of light energy between PS II and PS I , which after phosphorylation can move from PS II to PS I in the socalled state 1 to state 2 transitions, and can move back to PS II after dephosphorylation. Part of the LHC II moves to PS I to from the PS I -LHC I -LHC II supercomplex and the supercomplex was purified rescently [6, 7] , quenching of excess energy by PSI might be one of the physiological functions of PSI-PSII complexes [8] . The LHC II trimer is associated with the core on the opposite side of the Lhcas via the PsaH subunit. PsaK might have a role in state transitions, in Arabidopsis, the PS I -LHC II complex at 16 Ǻ resolution electron microscopy image showed that LHC II has a specific binding site at the PS I -A/H/L, and PS I -K subunits [9] . The model of interaction between PS I and LHC II fits quite well with the possible interaction between the PsaK loop and the N terminus of LHCII [1] . It was reported that downregulation of the PsaK gene leads to higher Plum pox virus (PPV) accumulation in Nicotiana benthamiana, the cylindrical inclusion (CI) was found to interact with the PS I -K subunits, suggesting its role for PPV infection [10] .
Gardenia jasminoides originates in Asia and has been in cultivation for at least a thousand years. The fruit of G. jasminoides is used in Asian countries as a natural colorant, and as a traditional herbal medicine. The orange or red colors of the fruit are caused by apocarotenoids, mainly crocin and crocetin, which are also two of active ingredients of this herbal medicine [11, 12] . The PS I of G. jasminoides has not been elucidated, here we identified the PS I core subunit PsaK, and its structure was analyzed.
II. MATERIALS AND METHODS

A. Plant and Growth Conditions
G.jasminoides plants cultivated at Guangdong Pharmaceutical University were used as materials. Fruits were collected at development stage II , closed with yellowish green exocarp and orange mesocarp. The samples were stored at-80°C until required.
B. CDNA Library Construction， ESTs Sequencing and
Cloning of GLhcb Total RNA was extracted from Gardenia fruit (stage II ), using a modified CTAB (hexadecyl trimethyl ammonium bromide) based extraction protocol [13] . From total RNA, the cDNA library construction and amplification were performed following the users manual of the CreatorTM SMARTTM cDNA Library construction Kit (Clontech, USA). The SMART cDNAs were ligated into SfiI-digested pDNR-LIB vector and transformed into Escherichia coli strain DH5α. Colonies were randomly picked, inoculate each colony to a separated PCR reaction solutions. The colony was lysised by heating the mixed solutions at 95°C in a PTC-200 Thermocycler (MJ Research, USA) for 5 min. After then, went to PCR amplification procedure with M13 primers provided by the CreatorTM SMARTTM cDNA Library construction Kit. The amplified PCR products (ESTs, expressed sequence tags) were analyzed by 1.2% agarose gel electrophoresis. When the amplified PCR products were longer than 1000 bp, incubated the isolated colonies and sequenced the ESTs. There are 40 ESTs were sequenced. After sequencing and analysis, the colony containing the predicted pDNR-LIB-GjPsaK was isolated.
III. RESULTS AND DISCUSSION
To identify gene encoding subunit K of photosystem I in Gardenia jasminoides, a cDNA library of fruit was constructed and screened with primers M13 (see method). The inserts of about 200 clones were sequenced and analyzed. The full-length GjPsaK cDNA was then obtained (Genbank accession No. GU797552). The cDNA was 593bp in length, contains a predicted 393bp ORF that encodes 130 amino acids, a 72 bp non-coding region at 5' end and a 128 bp of non-coding region flank at 3' end. The predicted amino acid sequence of GjPsaK specifies a polypeptide with a molecular mass of 13.2 kDa and a pI of 11.06.
Protein sequence aligment indicates that the deduced GjPsaK protein is quite similar to other known PsaKs in plants; and the sequence homology is relatively lower with algae and cyanobacteria (Fig.1) . GjPsaK had an 85.38% identity with PsaK in Vitis vinifera, 78.46% identity with Arabidopsis thaliana, 64.96% identity with Oryza sativa, 61.43% identity with Picea wilsonii, 64.23% identity with Hordeum vulgare, 42.86% identity with Chlamydomonas reinhardtii and 18.46% identity with Cyanobacterium aponinum. The PsaK of Hordeum vulgare have two transmembrane α-helices, while other sequences in Fig.1 show homology with the PsaK of Hordeum vulgare, and have similar loop region between the two α-helices; with more divergence in their N-terminal regions, there is a chloroplast transit peptide of 42 amino acids in Hordeum vulgare. A phylogenetic tree was constructed for 15 sequences (Fig.2 ). Sequences were aligned using clustalW2. Phylogenetic trees were generated using MEGA4. The tree was built using neighbor-joining algorithm approach. From the tree in figure 2, it's showed that GjPsaK is closer to PsaK from plants than algae and cyanobacteria.
On the basis of the 3.3Ǻ crystal structure of Pea PS I (PDB code 2WSF) . The three dimension model structure of GjPsaK (Genbank accession no. ADE42969) was predicted using SWISS-PDB software [1] . The amino acid sequence of GjPsaK (from 47-130 residue range) has 83.33% amino acid identity with 2WSF (from 43-126 residue range). The structure was successfully built as a single chain. GjPsaK has the characteristic PsaK fold, both the N and C termini are located in the luminal side of thylakoid membrane, and between the two transmembrane α-helices is a positively charged stromal loop (Fig. 3) . The 3D structure of GjPsaK is similar to 2WSF.
In the PS I supercomplex 4 Lhca's are associated with the core forming half a ring on the side of PsaF/J. PsaK located on the PsaA side of the core complex, near the PsaD and PsaL; and close to Lhca 4. Lhca 1 protein is bound to the core through PsaB and PsaG. Lhca 4 and Lhca 2 through small contact surfaces of PsaF and PsaJ interact with PS I core, respectively. Lhca 3 binds to PsaA and PsaK, and PsaK also have amino acid contacts with PsaA [4] . PsaK was proposed to stabilize LHC I organization. In Chlamydomonas reinhardtii, in adaptation to Fe-deficiency, the LHC I antenna uncoupled from PS I core followed by specific degradation of LHC I , it is proposed that disconnection is mediated by a change in the physical properties of PsaK [6] . In Arabidopsis, if lacking PsaK, there was 30-40% less Lhca 3 in PS I -LHC I complex [14] .
